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1. One hundred Chinese human cadaver eyes were enucleated with consent 
during autopsy to study the accumulation of lipofuscin in retinal pigment epithelium 
(RPE) with aging. The age of the patients studied range from perinatal period to 
one hundred and four year old. Using semiquantitative microfluorophotometric 
method, the lipofuscin content was measured in six age groups and the average age 
in each group in ascending order was 0.75, 7.17, 33.21, 51.65, 71.53 and 88.71 
years. 
2. More than five folds increased in lipofuscin in the RPE was observed over 
eight decades. There was no sex predilection for lipofuscin deposit in RPE. The 
optic disc, as predicted, has no detectable lipofuscin. On aging, there was a gradual 
rise in lipofuscin content from the peripheral RPE toward the optic disc on both the 
temporal and nasal RPE. 
3. However, on the temporal side, a significant and consistent lower level of 
lipofuscin was observed at the foveola. The reduction of lipofuscin at the foveola 
surpassed the level of lipofuscin at the equator in the two older age groups of 
Chinese. 
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4. The peri-macular lipofuscin was not increased as observed in the Caucasian 
population from the previous study. These differences observed in the Chinese 
population could be due to genetic constituents or environmental differences between 
the two populations studied. 
5. This study concluded that: 1)· semiquantitative microfluorophotometric study 
was a reliable and reproducible method in measuring lipofuscin in the human RPE; 
2) age-related changes in RPE, especially the accumulation of lipofuscin with age 
was firmly established; and 3) the topographic distribution of lipofuscin in the RPE 




The retinal pigment epithelium (RPE) in the human eye is a layer of cell 
located between the photoreceptors and the choriocapillaris. It is important and 
essential for the normal functioning of the retina. Two types of pigment granules 
are present in RPE, namely melanin and lipofuscin [1]. Lipofuscin in the human 
RPE differ from lipofuscin of other organs, such as brain, heart and liver [1,2]. 
There are substantial amount of experimental evidence to indicate that the bulk of 
RPE lipofuscin is derived from components of the photoreceptor outer segment [3-
11] . The RPE of the eye is a convenient tissue for the study of lipofuscin formation 
and composition because this tissue consists of only a single layer of cells separating 
the photoreceptor cells of the neural retina from their primary blood supply ' in the 
choroid. RPE can be easily identified and isolated from the adjacent tissues, both 
anatomically and surgically, and i~ can therefore be analyzed in relatively pure form. 
Lipofuscin was known to accumulate with age since 1886 [12]. Interest in 
the age related of RPE lipofuscin accumulation was greatly increased in the 1960' s 
when it was observed and contradict with previous studies, that lipofuscin were 
similar to lipofu~cin in other organs and they may be derived from the discs 
shedding of the photoreceptor outer segment [3] . 
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- In 1978, Feeney showed that many older individuals, in contrast to younger 
eyes, a had increase of a distinctly golden color in the RPE when viewed in situ with 
reflected light [1]. At the same time, Wing, G .L., et al using 
microspectrofluorometric semiquantitative method, measured semiquantitatively the 
amount of autofluorescence of lipofuscin in the RPE of different age groups in 44 
eyes from 35 Americans [13]. This study showed that the increase in lipofuscin 
content with age in the RPE (p < 0.001) and autofluorescent lipofuscin granules were 
frrst detected in the RPE of a 17 month old child. In the same report, it was 
demonstrated that the topographic distribution of lipofuscin content in individual 
human RPE showed an increase in accumulation of lipofuscin in the posterior pole 
with age and there was a consistent lower level of lipofuscin concentration noted at 
the fovea. These authors suggested that the topographic distribution of lipofuscin 
in the adult RPE was similar to the topographic distribution of rod cells in the 
human retina [13]. 
In 1980, Feeney-Burns et al used electron microscopy and confirmed that the 
human RPE had few or no lipofuscin granules in the young eyes but larger amount 
of lipofuscin was present in the older eyes [2]. 
Also, there were some observations to suggest that senile macular 
degeneration with lipofuscin accUmulation appeared to be more prevalent among 
whites than among the more pigmented races [14-18] and other investigators noted 
the variation of lipofuscin concentration in the RPE of different race [19]. 
In 1986, We iter et al first reported the topographical distribution of melanin 
and lipofuscin in RPE of both whites and blacks. The study showed that lipofuscin 
concentration was greater in whites, on all sites measured, than blacks. This 
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difference in lipofuscin concentration was statistically significant (P<0.05) only at the 
macular and equatorial regions. However, when apical and basal concentration 
measurements at all sites were grouped, then a significance P value level of 0.002 
was reached for the difference in lipofuscin concentration between the whites and 
blacks. Therefore, these authors suggested that the difference in RPE lipofuscin 
between the whites and blacks is probably related to the differences in their choroidal 
melanin content (blacks>whites, P=0.005). This difference could probably be 
explained by the photon of light that was not absorbed by photoreceptor-RPE 
complex would have a greater possibility of being reflected by the deeper layers of 
the fundus and a second pass was more likely to go through the photoreceptors in 
whites than in blacks [19]. 
In 1989, Keiko Kitagawa et al examined 35 aphakic eyes from 25 patients by 
in vivo quantitation of auto fluorescence in the human macula RPE. This study 
indicated that the auto fluorescence originated mainly from lipofuscin in the RPE and 
the auto fluorescence enhanced with age which reflected the gradual accumulation of 
lipofuscin with age [20]. 
In reviewing the literature on all these reports cited, it was not known whether 
there was a similar or different mode of lipofuscin accumulation and topographical 
distribution of lipofuscin in the Chinese RPE. No known study has been conducted 
in the Chinese eyes. Therefore, in order to determine whether the age related changes 
in RPE of Chinese were similar to the Western population, the aim of this study was 
to: 
(1) to determine whether there was a age related accumulation of lipofuscin in the 
RPE among Chinese population; 
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(2) - to map the topographic distribution of lipofuscin in different region of the 
RPE with aging in the Chinese population; and 
(3) to compare with previous studies and to further determine whether there was 
a racial difference in the topographic distribution of lipofuscin in the RPE 





2.1 Retinal pigment epithelium 
2.1.1 Embryology 
The eye was formed almost entirely from the ectoderm and the retina was 
formed from the neural ectoderm. Retinal development proceeded separately in the 
pigmented and sensory retina. The outer retinal layer of the optic cup became the 
RPE in the mature eye as cells acquired the enzymatic machinery for production of 
melanin pigment. This was first seen at about 3 weeks of gestation and appeared to 
be the earliest pigmentation in the body. The RPE also elaborated a basement 
membrane by about 6 weeks to form the first recognizable Bruch's membrane [21]. 
2.1.2 Anatomy and histology 
The RPE was a single layer of hexagonal-shaped cells with a fairly regular 
arrangement. It extended from the margin of the optic disk to the ora serrata. 
Internally, the RPE was adjacent to the photoreceptors and externally, it was 
attached to Bruch's membrane. At the margin of the disk, the RPE layer gradually 
became thinner, and it ended slightly before the termination of Bruch's membrane. 
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In the posterior part of the eye , the RPE cells were fairly uniform in size and shape 
and measured approximately 16 microns in diameter. In the midperiphery and 
equatorial area, the cells were thinner and larger in diameter. In the far periphery, 
the RPE cells were quite variable in size, and some were enlarged. RPE cells had 
a rounded nucleus that was situated close to the base in the posterior part of the eye; 
in the peripheral portion, many cells contained two or more nuclei. Each cell had 
an apical surface that faced the rods and cones and a basal surface adjacent to 
Bruch's membrane [22]. The apical surface of each cell possessed complex folding, 
or villi, directed toward the photoreceptors. These frondlike villi extended internally 
to surround the external portion of the outer segments of the photoreceptor system. 
The outer segments of the rods extended to the surface of the cell, where they were 
surrounded by the RPE villi; this was in contrast to the cones, which terminated at 
a greater distance from the cell surface so that the villi that extended into and 
surround their outer segments were much longer and more complex than those of the 
rods. The lateral surfaces between the RPE cells were characterized by occluding 
junctions near the apical surfaces, but the intercellular space was narrow and opened 
in the external third of the intercellular region. In the fovea of the macular region, 
the RPE cells were taller, narrower, and darker [22]. 
The two types of pigment ID RPE were melanin and lipofuscin [1]. Melanin 
was a high molecular-weight polymer derived from enzymatic oxidation of tyrosine 
and DOPA was located in the membrane limiting granules termed melanosomes [1]. 
Melanin granules were thought to increase photoreceptor · efficiency by absorbing 
scattered light [23]. 
Rod and cone cells were the two type of photoreceptor cells in the RPE. The 
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rod photoreceptors mediated vision at low illumination levels and they were 
responsible for our exquisite sensitivity to light, operating over a 100 million-fold 
range of illumination from near darkness to daylight. Cones mediated vision at 
daylight levels and were responsible for good visual acuity and color perception 
[24]. 
2.1.3. Growth and aging 
Some differentiation of the RPE occurred after birth, especially in the macular 
region. An increased in cell density of the RPE occurred between birth and 2 years, 
when the adult range was achieved. In fetal and postnatal eyes, the entire RPE 
increased slowly in size. This nonuniform enlargement of cells occurred at the ora 
serrata region, from infancy to adolescent life, in a zone that gradually enlarged 
from 1 to 4 mm wide. By age 3 to 6 years, growth was largely confined to the 
region anterior to the equator [22]. 
In 1986, Weiter et al reported that the RPE cells were taller in the macular 
region and diminished in height as one progressed from the macular to the equator, 
and it was statistically significant that RPE height increased with age at different 
sites (macular, paramacula and equator), most marked in white eyes after age 50. 
Their observations also showed that the RPE cell height correlated significantly with 
the RPE lipofuscin concentration ( rZ = +0.34; P < 0.0001 for all sites) [19]. 
In 1992, a quantitative data reported by Gao H et al suggested that the densities 
of cones in the foveal and RPE cells were stable from the second to ninth decade 
and foveal RPE density was significantly higher than equatorial RPE in each age 
group. This study indicated that: (1) rod photoreceptors and cells in the ganglion 
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cell layer were more vulnerable to loss during aging than cones; (2) photoreceptors 
and RPE cells showed parallel changes during aging; and (3) the photoreceptor loss 
accompanying aging was less pronounced in the fovea than in the peripheral retina 
[25]. 
2.1.4. Macular region 
The macula lutea, or yellow spot was a differentiated region of retina that was 
located 2 disc diameters temporal to the optic nerve head [26-28] . The macular 
region was about 5.5 mm in diameter and the nasal margin was at the temporal 
border of the optic nerve. The macula was subdivided into four zones: foveola, 
fovea, parafovea, and perifovea. The central foveola or foveal pit covered about 
an area of 0.2 mm (Fig.2.1) [26,28]. Cone density was maximal in the fovea and 
there were no rod receptors within approximately the central 0.25 mm of the fovea. 
Beyond this rod-free zone, they increased rapidly in density with eccentricity and 
reached a maximum density about 18 degrees temporal and 23 degrees nasal to the 
fovea. Cone density was maximal in the fovea [29]. 
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Fig. 2.1. Boundaries of the macular region. (From Spitznas M: Dtsch Ophthalmol 
Gesellschaft 73,26, 1973 [26]) 
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2.2 The photoreceptor outer segment 
The neurons of the retina were divided into three layers: (1) the layer of 
photoreceptors of the rod and cone cells, (2) inner nuclear layer, and (3) the layer 
of ganglion cells [30] . The photoreceptor outer segment was the site of 
phototransduction where conversion of light energy into an electrical signal occurred. 
Both the rod and cone cells contained a system of stacked membranous discs. 
In rod cells, most of these sacs eventually became separated from the outer 
membrane, whereas in con cells, the discs remained connected to the surface 
membrane. The rod outer segments (ROS) were constantly renewed. The 
membranous sacs of rods disintegrated near the apical surface of the receptor, and 
the cellular debris was removed through phagocytosis by the adjacent RPE [31-33]. 
The phagocytosed outer segment fragments were digested within the RPE [5,34-36]. 
The rate of ROS turnover was very high, approximately 10 to 15% of 
photoreceptor outer segment mass was phagocytosed and degraded by theRPE every 
day [3-5]. 
On the contrary, cones renewed their discs at a much slower rate, with the best 
evidence suggested that the whole system could take nine months to a year to renew. 
The apparently poor renewal rate of cone membranes could relate to the finding that 
cone "discs" were not discrete, being joined together in a continuum [37-39]. 
In the rhesus monkey, rod and cone cells shedding have been reported for both 
light and dark periods [40]. 
Rod cells contained a visual pigment called rhodopsin, which was composed of 
retinal (vitamin A aldehyde) and opsin [30]. Visual pigment in cone cells were also 
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composed of two parts which were like rhodopsin [41]. 
2.3. The Lipofuscin 
Lipofuscin, the age pigment, appeared as irregular yellow to brown granules 
ranging in size from 1-20 um in diameter under bright-field microscopy. It was first 
observed by Hannover in 1842, in dissected human neurons [12]. Interest in 
lipofuscin was increased in 1886 when it was recognized that the pigment 
accumulated with age [12]. A large number of studies on lipofuscin were in part 
due to the desire to understand the aging process [42,43]. 
Autofluorescence was the most consistent feature of lipofuscin and it was first 
observed by Subel in 1911 [12] and the fluorescent spectra of lipofuscin in RPE 
generally showed spectrum excitation below 400 nm and a emission spectrum from 
520 nm to 670 nm [44]. 
The jluorophore(s) in lipofuscin was probably less than 1 percent by weight 
of the lipopigment mass [12]. The studies of the fluorophore(s) in lipopigment was 
still unknown despite of many attempted studies [12]. Some earlier investigators 
suggested that the fluorophore(s) were conjugated Schiff bases (aldehydes), 
RIN=CH-CH=CH-NH-R2 [2]. However, subsequent studies did not support this 
hypothesis. Recent reports seemed to support the possibility that retinoyl (vitamin 
A) complexes may be the source of the autofluorescence in RPE lipofuscin [44]. 
In histochemical studies of lipofuscin granules, ' these granules stained 
positively for the presence of neutrallipids with oil red 0, Sudan black or osmium, 
but were not soluble in polar or non-polar lipid solvents. Not all lipofuscin in the 
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tissue was positive by the above staining methods because this was a mixture of 
substances of varying degrees of oxidation and were extremely heterogeneous 
[45,46] 
Enzyme cytochemistry study revealed the presence of hydrolytic enzymes, 
and the reduction of diaminobenzidine by lipofuscin has been established as evidence 
of peroxidase activity in 1966 [47]. 
Electron microscopy study of lipofuscin showed that the prominent feature 
of lipofuscin granules was the polymorphic internal configuration and the almost 
constant presence of a single membrane envelope [12]. The granules, localized in 
residual body-type lysosomes, were heterogeneous and vary from one cell type to 
another and usually contain numerous liquid droplets embedded in an electron-dense 
matrix. The electron dense component of the granules increased with age [48 ]. 
2.4. Lipofuscin in RPE and Retinal photoreceptor disc shedding 
Early investigation described that human RPE contained lipoidal granules. 
In 1961, Streeten & Arbor first suggested that these lipoidal granules were similar 
to lipofuscin by a histochemical study and observed that there were certain common 
staining feature appeared in both lipoidal granules and ROS [49]. 
In 1965 Feeney first described the ultrastructure of lipofuscin granules in the 
RPE as well as other bodies resembling portions of ROS in the apical cytoplasm of 
the RPE [50]. In 1967, Young used tissue autoradiography to show that the 
membranous discs of ROS were continually renewed [3]. Young and Bok observed 
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that detached membranous discs of ROS were phagocytized by the RPE and named 
them as phagosome (Fig. 2.2, 2.3) [5,31]. 
' . 
15 
, .. .. .. . 
: ' : ' " '.: 
' , . . 
. : . ' 
• • ' • • : 0 ' ' 
. . 
.. , . . 
: : :' : o. ' •• • ' 
" .' , . , . ' 
, , . '. 
. ', : : ' " : : :' '.': 
B 
" .... .. . . 
, . ' . .. '. 
.' . 
. . :: .' .... , 
: ',.' . . , ' . .' :. 
c 
. . ... . '. ' .. . 
' . ..... , .. ' . 
' . . " 
' ·0· .. •. . .•. 
• '.' ' 0 : . " 
D 
... ' , 
. ' . 
' . . . 
. . ' 
. ". " 
, . 0 • 
. '. ' 
.. 
", '., : : : ', . . 
E 
~" : " " "" - . ' 
, . . , 
. ' , :. . . '.' ~ .' .... 
l 
F 
Fig.2.2. Diagram illustrating the renewal of protein in rod visual cells as it is revealed in 
autoradiograms after administration of radioactive amino acids. New protein is at first concentrated 
at its major site of synthesis, the myoid zone of the inner segment (A). The protein molecules then 
scatter throughout the cell, many of them migrating by way of the Golgi complex, where they are 
modified by the addition of carbohydrate (B) . Much of the new protein traverses the connecting 
cilium, and is incorporated into growing membranes at the base of the outer segment. Some of the 
protein diffuses from the new membranes into the outer cell membrane with which they are 
continuous (C). Detachment of the disc-shaped double membranes from the outer membrane traps 
labeled protein within the discs. Repeated formation of new membranes displaces the labeled discs 
along the outer segment (D) . Eventually, they reach the end of the cell (E) from which they are shed 
in small packets. These are phagocytized by the pigment epithelium (F). (From Young, RW [31]) 
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Fig. 2.3. Diagram illustrating current ideas concerning the contributions of photoreceptors and retinal 
pigment epithelium to rod outer segment disc shedding. During the resting state (A) the distal outer 
segment is surrounded only by apical microvilli from the epithelium. Under the appropriate stimulus, 
subtle alterations take place within some of the distal discs and pseudopodia (hatched) protrude from 
the epithelium (B). The pseudopodia then protrude into the outer segment (C and D) separating the 
distal discs from the remainder of the outer segment. Finally, the pseudopodia withdraw (E), carrying 
the resulting phagosome deeper into the cytoplasm of the epithelium. (Matsumoto, B, Defoe, DM, 
and Besharse, le: Proc R Soc Lond 230:339-354, 1987.) (From Bok, D. [41]) 
\ \ 
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In 1970, an enzyme cytochemical study showed that phagosome contained 
acid phosphatase. This study demonstrated that phagosome was converted to 
phagolysosomes in RPE and indicated that the detached membranous discs are 
phagocytized by the RPE and digested via the lysosomal system [51]. For some 
unknown reason this process gave rise to lipofuscin granules in human RPE [1]. 
In 1978, Feeney observed that the fusions between primary lysosomes and 
lipofuscin granules were common in older eyes (Fig. 2.4). Investigator also 
extracted fluorescent substances in RPE granules with lipid solvents and found that 
these lipid solvents were readily extracted in eyes younger than 50 year old than the 
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Fig. 2.4. Sequence of formation of fluorescent granules in human RPE. 1, 
Phagocytized outer segment disks; fluorescent properties unknown. 2, 
Phagolysosome or large secondary lysosome; fluorescence seems to begin here. 3a 
to 3c, Sequential diminution in size of fluorescent secondary lysosomes in young 
eyes. 4, Sequence in old eyes (all fluorescent); 4a, fusion of phagolysosomes with 
pre-existing lipofuscin; 4b, fusion of primary lysosomes with lipofuscin; 4c, fusion 
of mUltiple lipofuscin granules and continued fusion of primary lysosomes. (From 
Feeney, L. [1]) 
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In 1980 Feeney-Burns first reported the analysis of the fluorescent spectra of 
the chloroform-methanol extracts of human RPE. The results of this analysis 
showed a sharp fluorescent excitation maximum at 360 run (using emission at 430 
run) and the emission maximum (using excitation of 360 run) appeared at 430 run 
[2] . Later study by Eldred and Katz using a Zeiss Photomicroscope I configured 
with a 100 W mercury epifluorescence excitation source and the Zeiss 487705 with 
dichroic reflector FT 460 and barrier filter LP 470 were employed. Thus, all 
emissions above 470 run were observed [44]. The results confirmed the presence 
of lipofuscin in the RPE of aged eyes. More support for the concept that the bulk 
of lipofuscin was derived from components of the phagocytosed photoreceptor outer 
segments came from the experiment that the removal of the source of phagosome 
reduced lipofuscin accumulation in the RPE [7]. 
In 1986 Katz, et al observed the content of lipofuscin in the RPE of RCS rats 
with hereditary defect resulted in specific degeneration of the retinal photoreceptor 
cells shortly after they developed. Because RCS rats produced no outer segments 
for phagocytosis by the RPE, the age-related increase in the RPE lipofuscin content 
was much less than that observed in rats with normal retinas [7]. 
Katz and Eldred in 1989 r~ported that Albino rats reared under bright cyclic 
light were found to suffer a specific loss of photoreceptors from the retina, the RPE 
lipofuscin deposition was reduced in the absence of a source of outer segments [8,9]. 
Bouton et al in 1989, found that feeding cultured human RPE isolated photoreceptor 
outer segments with bovine ROS resulted in the deposition of lipofuscin-like 
autofluorescent granules in these cells, while a control culture that were not exposed 
to ROS showed no lipofuscin-like autofluorescent granules [11]. 
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In 1992, Katz et al conducted experiments to determine whether retinoid 
deficiency alters outer segment phagocytosis by the RPE. The results were consistent 
with other data which showed the components of phagocytosed photoreceptor outer 
segments were precursors for RP:e lipofuscin [37]. 
There were similarity and difference of lipofuscin granules in different 
organs. Lipofuscin of the human RPE differed from other organs, such as brain, 
heart and liver, ( table 2.1.) and similar features of lipofuscin in the RPE and other 
organs were: 1) similar autofluorescent spectra; 2) phagolysosomes; and 3) 
degradative processes. These similar features could provide a model for the study 
of systemic aging changes in the aging processes in human. 
Table 2.1. Different features of lipofuscin between RPE and other organs 
Lipofuscin in RPE Lipofuscin in other organs 
Source ROS Intracellular oxidation products 
Phagocytosis Heterophagocytosis; a Autophagocytosis; a slow, 
rapid, specific uptake nonspecific process. 
of shed ROS. 
Morphology Relatively uniform Extremely heterogeneous 
ROS = Rod out segments , 
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2.5. Possible mechanism for lipofuscin formation in the RPE 
A substantial amount of experimental evidence indicated that free radical 
reactions and the proteolytic system was implicated in lipofuscin formation. Both 
vitamin E deficiency and increased intake of polyunsaturated fatty acids (protease 
inhibitors) promoted lipofuscin deposition [52-55]. However, the fluorescent 
products of in vitro oxidation of retinal constituents differed from the fluorophores 
associated with lipofuscin. Thus, these investigators suggested that the reaction of 
nonenzymatic oxidation in the RPE lipofuscin formation is probably indirect [56]. 
Recently, an experiment showed that intraocular injection of the protease 
inhibitor leupeptin blocked degradation of phagocytosed outer segments by the RPE 
[56]. The role of nonenzymatic oxidation may inhibit proteolysis. The balance 
between the rate of membranous disc proteins in the phagosome and of the proteins 
breakdown would affect the rate of lipofuscin accumulation [56]. 
2.6. Age-related lipofuscin accumulation in the RPE 
Lipofuscin accumulation with age was recognized in 1886 [12]. The interest 
in age related lipofuscin accumulation was intensified in 1960s when it was reported 
that the lipofuscin in RPE was similar to lipofuscin in other organs and they may be 
derived from the photoreceptor outer segment discs shedding [3]. 
In 1978, Feeney studied 30 human eyes and showed that the RPE of many 
older individuals, in contrast to younger eyes, had a distinctly golden color when 
viewed in situ with reflected light, in contrast to younger eyes [1]. Wing G.L. et 
aI, also in 1978, first measured semiquantitatively the content of autofluorescence 
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of lipofuscin in RPE of different age groups in 44 eyes from 35 Americans [13]. 
This observation showed that the lipofuscin content of the RPE in all 44 eyes 
increased with age (p < 0.001) and autofluorescent lipofuscin granules were frrst 
detected in the RPE of a 17 -months-old child. They also graphically demonstrated 
the topographic distribution of lipofuscin concentration on each individual RPE. 
This study showed an increased in accumulation of lipofuscin toward the posterior 
pole and a consistent lower content of lipofuscin was noted at the fovea. The 
authors also pointed out that the distribution pattern of lipofuscin in the adult RPE 
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Fig. 2.5. Topographic distribution of lipofuscin in the RPE of 44 eyes, divided into 
age groups. CB, ciliary body; OS, ora serrata; EQ, equator; FOV, fovea; Prem., 
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Fig. 2.6. Graph of rod density as a function of retinal eccentricity with the rod-free 
zone of the fovea at 0 degrees. The optic nerve head is indicated by the vertical bar. 
(Modified from RodieckRW: The vertebrate retina: principles of function, San 
Francisco, 1973, WH Freeman & Co.) (From Ogden, T.E. [29]) 
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In 1980, Feeney-Burns et al showed few or no lipofuscin granules in the 
young eyes but large numbers were present in older eyes when observed by electron 
microscopy [2]. 
In vivo quantitation of auto fluorescence in the human macula RPE from 35 
aphakic eyes from 25 patients was reported by Keiko Kitagawa et al in 1989 and they 
believed that the autofluorescence originated mainly from lipofuscin in the RPE. The 
autofluorescence increased with age, reflecting the accumulation of lipofuscin on 
aging [20]. 
In 1990, Boulton et al used the analysis of the fluorescent spectra and 
demonstrated that the fluorescent intensity of lipofuscin granules in RPE increased 
with age [57]. 
2.7. Racial difference of RPE lipofuscin concentration 
Some observations suggested that senile macular degeneration appeared to be 
more prevalent among whites than among the more pigmented races [14-18] due to 
difference in lipofuscin accumulation of different race. 
In 1986, Weiter et al were the first to report the topographical distribution 
of melanin and lipofuscin in RPE on both whites and blacks. Their results showed 
that lipofuscin concentration was greater, on the average, at all sites measured, in 
whites than blacks. This difference in lipofuscin was statistically significant at the 
P < 0.05 level o~y at the macular and equatorial regions. When apical and basal 
concentration measurements at all sites were grouped, then a significance level of 
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0.002 was reached for the difference in lipofuscin concentration between whites and 
blacks [19]. These authors suggested that the difference in RPE lipofuscin between 
whites and blacks was probably related to the differences in their choroidal melanin 
content (blacks> whites, P=0.005) which could be explained by the photon of light 
that was not absorbed by the photoreceptor-RPE complex which would have a 
greater possibility of being reflected by the deeper layers of the fundus and would 
have a second pass through the photoreceptors in whites than in blacks [19]. 
2.8. RPE lipofuscin and age-related macular degeneration 
Observers generally agreed that most of the manifestations of normal aging 
and of age-related macular degeneration (AMD) were due to gradual failure of the 
RPE [58-71]. 
The RPE may be the most active cellular monolayer in the human body and 
was therefore vulnerable to cell encumbrance as a result of the accumulation of 
metabolic waste within the cells [72]. Because RPE was a nondividing system and 
with increasing age there was a net loss of cells from this layer resulted in increase 
in size of those remaining cells [38,73,74]. Unlike macrophage which had a 
transient existence and having fulfilled its role, they would die and be replaced by 
new cells. Each pigment epithelial cell continued to engulf some three hundred 
million million discs during a 70 year life span [38]. 
The detached membranous discs of ROS were phagocytized and transported 
as phagosome to sites where they were fused with lysosomal granules, and any 
undigested residual bodies remained as lipofuscin [75]. The accumulation of 
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lipofuscin reduced the cytoplasmic space [76]. As the cell volume available to the 
organelles diminished, the capacity to deal with photoreceptors was reduced, and this 
might be the basis for macular degeneration [75]. Between the age of 40 and 80, 
the lipofuscin content of the retinal pigment epithelium increased from 8 % to 20 % 
volume of cells [2]. This led to cell enlargement especially at the macula [13]. 
When retinal pigment epithelium cells were challenged in culture with various 
particles, there seemed to be no feedback control and ingestion continued until the 
cells literally burst [10]. The accumulation of any nonfunctioning molecule or 
particle within a cell was therefore a sign of increasing senescence [67], and when 
accumulation reached a critical level, cell death followed [75]. 
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CHAPTER 3 
MATERIALS AND METHODS 
3.1. Histologic Specimens 
One hundred Chinese human cadaver eyes from 100 individuals were used 
in this study. They were acquired from the Department of Anatomical and Cellular 
Pathology, Prince of Wales Hospital, Hong Kong. All the eyes selected had no 
history of ocular disease. Ages from newborn to 104 years were represented. The 
eyes were enucleated 6 to 48 hours after death. The whole eyeballs were fixed in 
PBS buffer 10% formalin ( pH 7.4 ) for at least 24 hours and gross dissection were 
carried out under the binocular ,dissecting microscope. A cornea-pupil-optic disc 
( C-P-O ) section that bisected the optic nerve head and retinal foveal pit was made 
from each eye globe and these slabs were embedded into paraffin blocks for 
histologic sectioning. 10 micron unstained sections were obtained under regular 
roomlight without sunlight and these sections were bleached with 0.25% potassium 
permanganate - 0.2 % oxalic acid to remove melanin pigment so as to enhance the 
measurement of autofluorescence lipofuscin granules. The unstained sections were 
then mounted in ultraviolet ( UV ) inert immersion oil. 
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3.2. Measuring Equipment 
Autofluorescent semiquantitation of lipofuscin in the RPE were made with 
a Zeiss microscope photometer system. The system included (Fig. 3.1.A and 
3.1.B): 
(1) a Zeiss universal microscope with fast scanning stage, neofluar objectives, 
epi-fluorescence condenser IIIRS and phase-contrast illumination; 
(2) a photomultipler tube (PMT) with electronic control was connected to convert 
the radiant flux emitted by the measuring object into electrical signals. The PMT 
was fitted to the photometer attachment 03 with a fixed measuring diaphragms to 
allow 100 % of the light from the measuring area to be directed to the photomultipler 
for maximum sensitivity and was connected to the microscope-photometer-control 
64 (MPC-64); 
(3) the MPC-64 consisted of four functional modules, including measuring 
amplifier, electronics of final control elements and stepping motors, control of fast 
scanning stage and interface electronics; and 
(4) Integral Hewlett Packard 9121 computer which was connected to MPC-64. 
This computer controlled all functions of measurements and could print all 
measured data. 
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Fig.3.1.A.Measuring equipment. This photograph showed Zeiss microscope 
photometer system: universal microscope with the fast scanning stage, neofluar 
objectives, epi-fluorescence condenser IIIRS, phase-contrast illumination, light 
source (HBO 100W/2) and the microscope photometer control MPC-64 unit. 
Fig.3.1.B. Measuring equipment. This photograph showed thephotomultipler tube 
(PMT) and Hewlett Packard 9121 computer. 
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3.3. Software of Measurements 
Cytological fluorescence analysis (CYFLAN) _program (Zeiss 181183 for 
MPC-64) was used. This program controlled screening for features in fluorescence 
excitation and protective phase-contrast illumination; pushbutton-operated storage of 
XY coordinates; shot-term measurement of fluorescence intensity with reference to 
a standard and correction of external fluorescence and histogram for data evaluation. 
3.4. Light Source and Filters 
Osram HBO 1ooW/2 supper pressure mercury lamp on a stabilized Zeiss 
power supply provided the light source for fluorescence measurements. The light 
used for excitation was passed through a Zeiss filter set 487702, which consisted of 
a G365 excitation filter, a FT395 dichromatic beam splitter and a long wave pass 
band LP420 barrier filter to block emissions below 420 nm from reaching the 
measuring device. The Zeiss filter set 487702 showed a transmittance curve with 
wide transmittance range. Thus, all emissions above 420 nm (420 nm to 700 nm) 
were observed (Fig. 3.2.). Osram (12V, 100W) halogen lamp provided the light 




Fig. 3.2. Transmittance curve of Zeiss filter set 487702. 
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3.5. Control 
All the paraffm sections for this study were sectioned with the same 
microtome at room temperature by one person so that relatively uniform thickness 
of the sections were obtained. The order of measurements were randomly selected 
among the different cases. The fluorescent microscope was first standardized with 
a fluorescence control glass (Zeiss GG 17 ,355) which emitted stabilized intensity of 
fluorescence before every quantitative measurement of the RPE was performed. 
3.6. Measurement of Autofluorescent Intensity 
Epi-fluorescence condenser III-RS with a luminous field diaphragm diameter 
of 0.4 mm that would formed a 7 p,m diameter target area of excitation in the eyeball 
sections were selected, while the surrounding field was dark so that deamplification 
of autofluorescence was prevented. With a PH2 neofluar 40X objective, the 
photometer attachment-03 had measuring diaphragm of 0.32 mm that would form a 
5f..1m diameter measuring target area. Using the CYFLAN computer program, the 
basic menu and measurement title' were entered and displayed on the monitor as 
shown in figures 3.3 and 3.4. 
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1 8 1 183 r'1PC64 
STAGE: Sl CLEAR XIY S3 FIND 
S2 MARK FIELDS S4 JOYSTICK 
MEASUREMENT: Ml ADJUST M3 PARASITIC LIGHT 
M2 SCAN M4 TIME DEPENDENCE 
DATA-HANDLING:Dl CAT D4 DELETE 
D2 CHANGE MAP D5 RENAME MAP 
D":P 
.j ENABLE FIELD D6 DISABLE FIELD 
EVALUATION: El ' LIST DATA E2 STATISTICS 
SPECIAL: D DUMP H HEADER ? HELP 
S SET UP CLR lID DISPLAY 
Selected Function-Code? 
Fig. 3.3 Basic menu of the cytological fluorescence analysis (CYFLAN) program. 
" 
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--------------- -_.- -- - --------- ;--- - - - - -
Mapname: :92Al12 F63: Map-Number: 1: 
Stain : .25XPP .2XOA(20~) 
Meas.Mode : AUTOFLUORESCENCE 
Filtercomb : 8365 FT395 LP420 
Meas.Diaphr: .32(5nm) 1.4 
Field Stop : 
Lamp : HBO~100 
Condensor : III-RS 
Objective : PH2 NEOFLUAR X40/.75 
Remark : 
Remark : 
Date: :21.5. 9pm Oper: :HiU-MIN8 Lt : 
ok ? : --------------------------
Adj XI 0.00: Adj VI 0.00: 
Gain : 100: Damping : 5: 
Input Required. 
Fig.3.4. Measurement title of the CYFLAN. 
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To standardize the measuring intensity, the equipment was first standardized 
with the standard fluorescent glass (Zeiss GG 17,355) so that a standard arbitrary units 
of fluorescence intensity was obtained. Selected spots of the RPE to be measured 
were selected along the entire length of RPE by a moving stage controlled by a 
joystick. 
The total RPE was defined as the entire length of RPE from temporal to nasal 
ciliary bodies. The foveola RPE was defined as an microscopic area 2600J.lm from 
the temporal disk margin and the macular-foveal RPE would cover the segment of 
an area extending as far as 5200J.lm from the temporal disk. The posterior pole of 
RPE was defined as an area behind the equator including the macular. The temporal 
and nasal RPE were defined as area from the optic disk margin to both the temporal 
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Fig. 3.5. Autofluorescence measurements on 100 human cadaver eyes. For each 
eyes, one hundred and eighty target areas were selected for autofluorescence 
measurements. 52 areas at 100 microns intervals were selected from the macular 
region (point No. 1-52); 28 areas were selected from the temporal side of the macular 
region to the equator (point No. 53-SO); 20 areas were selected from temporal 
equator to ora serrata (point No. 81-100); 4 areas were selected from ora serrata to 
ciliary body on both the temporal and nasal segments (point No. 101-104, 177-1S0); 
52 areas were selected from the nasal side of the optic disk margin to the equator 
(105-156); 20 areas were selected from nasal equator to ora serrata (point No. 15S-
176). 
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Following the methodology published by Wing, G.L. et al [13], instead of 
preselecting 150 spots, this study preselected 180 spots for the photometric target 
from the optic disk margins on both the nasal and temporal segments to the ciliary 
bodies as photometric target along the total RPE under the phase-contrast 
illumination. The X -Y coordinates of these spots were recorded by the computer. 
The measurement of auto fluorescent intensity was performed according to the 
methods described by Wing G.L. et al [13]. The 180 randomly preselected spots 
were measured along the entire RPE with phase-contrast illumination. The spots on 
X -Y coordinates were recorded by the computer and the target area selected for each 
spot was 6.257tI.l? with a diameter of 5f.lm. 
After the spots have been selected for measurement, the auto fluorescent 
intensity in each target in the RPE was measured under epi-illumination, excited at 
365 nm ultraviolet region and radiation of the fluorescence emission above 420 nm 
was obtained by PMT. The stage scanned automatically and the auto fluorescence 
intensity in each target was measured for 10 milliseconds. The fluorescence radiant 
flux was converted to electrical signals by PMT and were then recorded and 
amplified by MPC-64. These recorded data was then fed into the CYFLAN program 
which produced a mean and a histogram (Fig.3.6). Statistical analysis was further 
performed by the SPSSIPC computer program (the statistical package for IBM PC). 
All fluorescence microphotography was taken with Kodak daylight 400 ASA 
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Fig. 3.6. Measurement data were fed into CYFLAN which provided the means and 
a histogram. 
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3.7. Bleaching (oxidation) of melanin 
The bleaching time to remove optimal amount of melanin pigment was very 
critical for the measurement of fluorescence intensity in the RPE. Over or under 
bleaching would affect the measurement of autofluorescence of lipofuscin in the 
RPE. In order to establish the optimal bleaching time, a titration study was 
performed. Twenty enucleated Chinese eyes were used for titrating the optimal time 
for bleaching. The age of the eyes used for this study ranged from 2 to 104 years. 
Six paraffin sections were obtained from each eye, and the sections were first 
deparaffin with xylene. These sections were rehydrated with graded ethanol and 
then oxidized in 0.25% potassium permanganate. The sections were bleached for 
o minute (no bleaching); 10 minutes; 20 minutes; 30 minutes; 40 minutes and 60 
minutes and then transferred into 0.2 % oxalic acid for 5 minutes. The sections were 
wash with distilled water and were mounted in ultraviolet inert immersion oil. 
MPT-03 measuring diaphragm diameter was 0.16 mm which formed a 2.5J.tm 
(diameter) measuring area. Using CYFLAN program, 20 spots at the same region 
were measured along the nasal optical disk margin for each sections. The results 
were listed in table 3.1 which showed the average values of autofluorescence for 
each section. Two-way analysis of variance determined 20 minutes to be the optimal 
bleaching time (P<O.OOOI), (table 3.2). 
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Table 3.1 Fluorescence intensity in the RPE with different bleaching time 
(Arbitrary units) 
Fluorescence intensity (Arbitrary units) 
Case No. Age (Years) o min 10 min 20 min 30 min 40 min 60 min 
1 2 1.28 5.48 6.91 7.08 5.52 4.12 
2 13 2.74 6.11 9.23 9.14 6.69 5.88 
3 20 6.82 13.56 19.29 11.53 10.53 8.94 
4 25 3.97 7.27 10.7 7.63 11.85 5.88 
5 33 10.35 18.17 21.08 20.13 18.69 11.75 
6 35 10.66 20.44 21.26 15.41 10.37 4.01 
7 37 6.7 12.84 14.23 12.48 10.69 9.73 
8 37 6.75 13.42 13.35 13.83 12.96 11.95 
9 41 11.66 22.96 18.06 15.71 14.73 13.74 
10 52 10.67 17.76 19.75 19.75 20.59 13.58 
11 63 12.49 17.97 16.07 17.76 21.14 16.95 
12 63 10.52 16.15 19.56 15.02 13.09 12.99 
13 65 12.71 16.84 18.68 21.62 19.38 12.08 
14 65 16.88 23.51 24.51 25.75 23.79 17.47 
15 69 16.62 21.31 27.32 25.33 22.69 19.63 
16 90 12.18 26.98 36.1 27.59 25.59 11.67 
17 91 12:27 22.17 25.12 26.66 27.4 18.07 
18 92 15.42 29.62 28.18 26.66 12.3 15.11 
19 93 14.38 21.53 25.48 19.95 19.42 17.67 
20 104 18.34 25.28 28.42 26.77 23.11 10.48 
min = minutes (Bleaching times) 
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Table.3.2 
Statistical analysis of bleaching time by two-way analysis of variance (ANOVO) 
Analysis of Variance Procedure (Using the SPSS/PC computer program): 
Class level information 
Class Levels Values 
case 20 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20 
time 6 1,2,3,4,5,6 
Number of observation in data set = 120 
Dependent Variable: X 
Sourc DF Sum of Squares Mean Square F Value Pr > F 
Model 24 4913.651367 204.735474 22.77 0.0001 
Error 95 854.022912 8.987915 
Corrected Total 119 5767.674279 
R-Square C.V. Root MSE X Mean 
0.851929 18.79852 2.998285 15.9495833 
Dependent Variable: X 
Source DF Anova SS Mean Square F Value Pr > F 
case 19 3508.550262 184.660540 20.54 0.0001 
time 5 1405.101104 281.020221 31.26 0.0001 
Level of time N Mean SD SE 
0' 20 10.6955000 4.73661602 1.05914447 
10' 20 17.9670000 6.71013538 1.50043187 
20' 20 20.1635000 7.26250303 1.53822268 
30' 20 18.2775000 6.76850359 1.51348340 
40' 20 16.5265000 6.43500483 1.43891081 




4.1. Bleaching test 
In order to determine the masking effects of melanin on the measurement of 
lipofuscin, the melanin in RPE had to be bleached before the measurement of 
lipofuscin could be performed. Bleached sections from . different age groups were 
represented, and the age ranged from 2 to 104 year old. The measurements and 
statistical analysis (ANOVO) on autofluorescent intensity from these sections of the 
posterior pole showed a statistically significant increase in lipofuscin intensity after 
bleaching with 20 minutes (P=O.OOOI). This analysis showed 20 minutes bleaching 
time with 0.25 % potassium permanganate and 5 minutes with 0.2 % oxalic acid gave 
the maximal autofluorescent measurement in young and old age (Table 3.1, 3.2, Fig. 
4.1). 
-10 '. 0 10 20 30 40 50 60 
Bleaching times (minutes) 
Fig. 4.1. Fluorescence intensity in the RPE at different bleaching time. 
42 
4.2 RPE autofluorescence observation in different age 
A light green cytoplasmic autofluorescence was seen in the total RPE from 
age 6 months to 5 years in 5 caseS (Fig. 4.2: A, B, C). These minimal light green 
fluorescence also contributed to photometric measurements. The typical cellular 
golden yellow lipofuscin granules in the RPE were never seen in these five cases. 
At 9 years of age, typical cellular golden yellow autofluorescent lipofuscin granules 
were observed in the posterior portion of RPE, and the intracellular polarity between 
lipofuscin and melanin granules was less apparent (Fig. 4.2: D). From the third 
decade on, lipofuscin granules began to appear as clumps (Fig. 4.2: E) and gradually 
occupied the cytoplasmic space of the RPE cell (Fig. 4.2: F). 
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Fig. 4.2 Autofluorescence microphotograph (excited at 365 run ultraviolet) showed age-related 
accumulation of lipofuscin with yellow auto fluorescence in the human RPE. A-C, showed a light 
green cytoplasmic auto fluorescence in the perifovea RPE of ages I year (A), 2 years (B) and 5 years 
(C). The typical cellular golden yellow lipofuscin granules in the RPE were not present in three cases. 
At 9 years of age, typical cellular golden yellow auto fluorescent lipofuscin granules were seen in the 
perifovea RPE, and the intracellular polarity between lipofuscin and melanin granules was less 
apparent (D). Lipofuscin granules began to appear as clumps in a 33 years old man (E). Lipofuscin 
granules increasingly occupied the cytoplasmic capacity of the RPE cell (F). RPE, retinal pigment 
epithelium; CC, choriocapillaris; Y, years of age. (Unstained and melanin bleached lOll section; 
X400; taken with Kodak daylight 400 ASA film.) 
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4.3 RPE autofluorescence observation within individual eyes 
In adult eyes, autofluorescent intensity at the foveola RPE (Fig. 4.3: A, Fig. 
4.4: A) was lower then perifovea and perimacular regions (Fig. 4.3: B, Fig. 4.4: 
B). From the second to fifth decade, autofluorescent intensity at the equator RPE 
(Fig. 4.5: B) was lower than perifovea area (Fig. 4.5: A). From sixth decade on, 
autofluorescent intensity at the equator RPE (Fig. 4.3: C) showed no significant 
decrease than perifovea segment. Autofluorescent intensity between equator and ora 
serrata (Fig. 4.3: D, Fig. 4.5: C, D) was lower than posterior pole (Fig. 4.3: B, C, 
Fig. 4.5: A, B). Near the ora serrata, RPE cellular golden yellow autofluorescent 
became discontinued or segmented (Fig. 4.3: E, Fig. 4.4: C, D, Fig. 4.5: D, E). 
In all the eyes examined, the typical cellular golden yellow autofluorescent granules 
in the RPE were never seen in the segments of ora serrata and ciliary body (Fig. 
4.3: F, Fig. 4.4: E, Fig. 4.5: F). In the ora serrata and ciliary body segments, a 
minimal light green fluorescence was present which contributed to the photometric 
measurements. This light green autofluorescence was similar to that seen in the , 
infant RPE. 
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Fig. 4.3 Microphotograph of RPE showed auto fluorescence excited at 365 run (ultraviolet). This 
photograph showed age-related accumulation of lipofuscin with yellow auto fluorescence in different 
segments of RPE in a 96 years old woman. Autofluorescent intensity at the foveola RPE (A) was 
lower then perifovea (B) and equator regions (C). Autofluorescent intensity at equator RPE showed 
no significant decrease than perifovea segment. Autofluorescent intensity at the equator and ora 
serrata (0) was lower than posterior pole (B, C). Near or at the ora serrata, RPE cellular golden 
yellow auto fluorescent mass became discontinued or segmented (E). In all the eyes examined, the 
typical cellular golden yellow auto fluorescent granules in the RPE were not present in the ora serrata 
and ciliary body (F). RPE, retinal pigment epithelium. (Unstained and melanin bleached lOp. section; 
X4OO; taken with Kodak daylight 400 ASA film.) 
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Fig. 4.4 Microphotograph of RPE showed autofluorescence excited at 365 run (ultraviolet). This 
photograph showed age-related accumulation of lipofuscin with yellow auto fluorescence in different 
segments of RPE in a 63 years old woman. Autofluorescent intensity at the foveola RPE (A) was 
lower then perifovea segment (B). Near or at the ora serrata, cellular golden yellow autofluorescent 
mass in the RPE became discontinued or segmented (C, D). The typical cellular golden yellow 
auto fluorescent granules in the RPE were not present in the ora serrata (E). RPE, retinal pigment 
epithelium. (Unstained and melanin bleached lOlL section; X400; taken with Kodak daylight 400 ASA 
film.) 
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Fig. 4.5 Microphotograph of RPE showed auto fluorescence excited at 365 run (ultraviolet). This 
photograph showed age-related accumulation of lipofuscin with yellow auto fluorescence in different 
segments of RPE in a 33 years old man. Autofluorescent intensity at the perifovea RPE (A) was 
higher then equator RPE (B). Autofluorescent intensity at the equator and ora serrata (C) was lower 
than perifovea and equator. Near or at the ora serrata, RPE cellular golden yellow auto fluorescent 
mass became discontinued or segmented (D, E). The typical cellular golden yellow autofluorescent 
granules in the RPE were not present in the ora serrata and ciliary body segments (F). RPE, retinal 
pigment epithelium. (Unstained and melanin bleached 10" section; X400; taken with Kodak daylight 
400 ASA film.) 
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4.4. Topographic distribution of lipofusciR 
Autofluorescence of lipofuscin from the RPE was measured in one hundred 
human cadaver eyes of different sex and age groups. The age ranged from 0.5 to 
104 years. 180 spots along the total RPE were selected for measurement of 
lipofuscin in 100 eyes. Eighteen thousand spots were measured and data obtained 
was analyzed by the HP9121 computer and SPSS statistical computer program in six 
age groups. The mean values of each six groups were determined. Plot41 computer 
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Fig.4.6. Topogr.aphic distribution of lipofusin in the RPE among different age 
groups' in 100 Chinese human eyes.(CB=ciliary body; OS=ora serrata; 
EQ=equator; OD=optic disk; FOV=foveola.) 
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4.5. Lipofuscin content at the Foveola 
To evaluate the lipofuscin content in the macular-foveola regIon, the 
following measurements were performed. At the macular-foveola region of each 
eye, the mean lipofuscin content of three areas (spots No. 25, 26, 27) at the foveola 
region was compared with the macular (fovea-parafovea-perifovea) regions (spots 
No. 1-24 and 28-52) by T test analysis. A statistically significant lower lipofuscin 
content at the foveola than parafovea region was observed in the human adult eyes 
(19-104 years). (Table 4.1., Fig. 4.2.) 
Table 4.1. Mean lipofuscin content in different age groups. T-test analysis in the 
foveola and macular region. 
Age groups M-mean M-SD Fov-mean Fov-SD P Value 
(years) 
0.5-1 11.765 1.724 11.750 1.431 0.988 
2-18 17.474 1.565 16.333 1.054 0.216 
19-40 34.275 3.133 27.552 0.924 0.001 
41-60 46.217 4.158 38.533 1.496 0.003 
61-80 51.460 5.153 43.965 2.178 0.016 
81-104 60.925 5.353 45.359 1.975 0.000 
M=macular RPE; Fov=foveola; SD=standard deviation. 
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4.6. The relationship of age and lipofuscin content in total RPE 
Figure 4.7 and table 4.2 showed the lipofuscin content in the total RPE in 
100 eyes with increase age. Regression analysis and F test of regression equation 
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Fig.4.7. Lipofuscin content in the total RPE plotted as a function of age . 
Sca t ter diagram and regression line ( P < 0.0001 ) . 
STATISTICS 
The data was analyzed by SPSS/PC+ program 
Multiple regression 
Multiple R .83237 
R Square .69258 
Adjusted R Square .68971 
Standard Error 8.09709 
Analysis of variance (F test of regression equation) 
DF Sum of Squares Mean Square 
Regression 1 14493 :20840 14493.20840 
Residual 98 6425.16150 6.5 .56287 
F= 221.05817 Signif F= .0000 
















Table 4.2. Mean autofluorescent intensity in individual RPE in 100 eyes. 
Mean autofluorescent intensity (Arbitrary units) 
Case No. Age Sex Macular Temporal Nasal Total-RPE Post-pole 
1 0.5 F 11.0 10.6 9.2 9.7 9.9 
2 1 M 12.6 11.4 14.2 11.5 12.8 
3 2 M 12.7 13.0 14.5 13.5 13.8 
4 2 F 6.8 7.0 8.9 7.5 7.9 
5 5 M 13.4 14.0 13.4 13.2 13.7 
6 9 F 19.2 20.9 14.0 15.7 17.5 
7 12 M 25.7 26.6 17.8 21.1 22.2 
8 13 F 26.6 25.3 22.0 22.0 23.7 
9 20 M 35.5 38.1 25.4 29.6 31.8 
10 23 F 21.1 22.1 18.2 19.1 19.7 
11 25 F 28.9 28.9 24.2 25.4 26.6 
12 33 M 29.5 28.4 24.3 23.7 26.4 
13 33 M 41.1 38.3 31.2 31.6 34.8 
14 34 M 35.9 40.2 35.4 35.5 37.8 
15 35 F 46.4 42.4 34.2 34.7 38.3 
16 35 F 40.4 37.8 37.9 33.6 37.9 
17 36 M 26.9 25.0 17.1 20.1 21.1 
18 37 M 45.5 44.1 39.6 38.5 41.9 
19 37 M 22.2 23.0 30.5 25.0 26.8 
20 37 F 30.2 28.1 13.9 19.9 21.0 
21 40 M 38.4 35.5 36.4 31.8 36.0 
22 40 M 32.3 31.2 26.1 26.5 28.7 
23 42 M 41.9 35.5 37.7 31.3 36.6 
24 42 F 29.1 28.4 29.3 26.6 28.6 
25 43 . M 48.2 47.7 47.9 41.7 47.8 
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Cont. Table 4.2. Mean autofluorescent intensity in individual RPE in 100 eyes. 
Mean of autofluorescent intensity (Arbitrary units) 
Case No. Age Sex Macular Temporal Nasal Total-RPE Post-pole 
26 43 M 34.5 36.5 34.0 32.9 35.3 
27 44 M 27.2 28.2 19.9 23.4 24.1 
28 45 M 35.3 31.5 30.1 27.9 30.8 
29 45 F 49.1 49.9 41.5 42.8 45.7 
30 49 M 46.3 45.2 39.4 38.9 42.3 
31 51 M 45.9 46.0 43.1 41.4 44.6 
32 52 F 44.5 42.5 32.6 34.1 37.6 
33 52 M 59.4 58.7 54.9 54.0 56.8 
34 53 M 50.4 48.1 38.7 39.4 43.4 
35 54 M 52.8 52.3 47.3 48.4 49.8 
36 55 M 42.0 41.2 42.2 39.3 41.7 
37 55 F 52.6 53.9 54.4 50.0 54.2 
38 56 M 55.9 59.9 47.5 50.8 53.7 
39 57 M 48.4 49.1 51.1 45.8 50.1 
40 57 F 50.6 52.1 52.4 47.8 52.3 
41 58 M 60.0 63.6 55.4 54.3 59.5 
42 58 M 50.2 49.8 47.0 45.1 48.4 
43 59 M 45.0 44.0 41.9 39.2 43.0 
44 59 F 43.8 45.2 36.5 38.0 40.9 
45 59 M 39.7 41.4 33.8 35.5 37.6 
46 63 M 36.2 36.2 36.0 33.0 36.1 
47 63 M 23.0 23.2 32.6 25.4 27.9 
48 63 F 46.7 48.9 38.7 40.9 43.8 
49 64 M 36.0 33.5 40.2 34.8 36.9 
50 64 F 45.4 45.6 48.6 44.5 47.1 
51 64 M 56.5 56.6 57.0 51.5 56.8 
52 65 ' M 46.7 45.4 44.1 42.7 44.8 
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Cont. Table 4.2. Mean autofluorescent intensity in individual RPE in 100 eyes. 
Mean of autofluorescent intensity (Arbitrary units) 
Case No. Age Sex Macular Temporal Nasal Total-RPE Post-pole 
53 65 F 63.1 64.2 56.1 55.4 60.2 
54 67 F 57.2 57.7 47.4 48.0 52.6 
55 67 M 68.4 70.6 62.7 59.8 66.7 
56 67 M 72.6 68.0 59.3 57.1 63.7 
57 69 M 48.3 50.1 48.0 44.3 49.1 
58 70 M 58.4 57.0 52.9 49.6 55.0 
59 70 M 28.8 29.9 35.2 30.5 32.6 
60 71 M 54.3 51.9 49.9 45.1 50.9 
61 72 M 56.9 58.0 53.8 49.6 55.9 
62 72 M 60.4 63.1 48.8 53.7 56.0 
63 72 M 59.2 59.0 59.0 52.7 59.0 
64 73 F 43.4 46.5 50.6 46.7 48.6 
65 73 M 64.1 61.0 63.6 56.2 62.3 
66 73 M 67.0 70.5 66.8 61.3 68.7 
67 73 M 46.2 47.8 40.5 41.3 44.2 
68 74 F 60.7 53.8 55.6 47.2 54.7 
69 75 M 30.6 32.5 33.5 31.4 33.0 
70 76 M 43.0 49.1 50.3 46.9 49.7 
71 76 F 50.5 59.0 55.2 53.9 57.1 
72 77 F 37.1 39.2 38.4 37.6 38.8 
73 78 M 56.4 55.9 42.9 47.4 49.4 
74 78 M 64.6 59.7 50.0 49.6 54.9 
75 79 F 63.6 62.8 56.2 53.9 59.5 
76 79 M 41.4 50.3 47.0 49.6 48.7 
77 80 F 61.3 60.0 61.6 55.3 60.8 
78 80 F 49.6 51.7 43.1 44.5 47.4 
79 80 ' M 38.0 38.5 48.3 40.3 43.4 
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Cont. Table 4.2. Mean autofluorescent intensity in individual RPE in 100 eyes 
Mean of autofluorescent intensity (Arbitrary units) 
Case No. Age Sex Macular Temporal Nasal Total-RPE Post-pole 
80 81 F 62.9 62.4 59.2 54.7 60.8 
81 83 M 69.1 69.5 58.8 57.6 64.2 
82 84 M 43.8 47.0 48.0 44.6 47.5 
83 84 F 60.6 60.1 65.1 57.0 62.6 
84 84 M 49.1 48.7 55.7 48.7 52.2 
85 85 F 71.9 70.2 73.4 68.3 71.8 
86 86 M 71.5 73.9 52.8 61.6 63.4 
87 86 M 59.5 63.4 61.1 58.5 62.3 
88 86 F 69.3 69.1 65.7 62.1 67.4 
89 88 F 40.2 43.2 42.1 39.9 42.7 
90 88 F 81.9 82.9 80.4 77.1 81.7 
91 89 F 47.4 49.4 42.1 42.0 45.8 
92 89 F 68.8 70.4 73.6 65.4 72.0 
93 90 F 50.6 52.2 52.6 47.3 52.4 
94 91 M 60.3 59.9 69.9 58.1 64.9 
95 92 F 53.4 58.3 55.4 52.5 56.9 
96 92 M 55.8 59.2 65.6 59.0 62.4 
97 92 F 55.8 56.7 58.5 54.1 57.6 
98 93 M 55.6 55.6 51.1 51.7 53.4 
99 96 F 77.6 86.8 80.6 78.7 83.7 
100 104 F 55.4 58.0 52.1 51.4 55.1 
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4.7. The relationship of age and lipofuscin content in the macular 
RPE 
Figure 4.8 and table 4.2 showed the lipofuscin content in RPE at the macular 
areas on 100 eyes with increase age. Regression analysis and F test of regression 
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Fig.4.8 . Lipofuscin content in the macular-foveal RPE (i.e.2600 mIcra both 
nasal and temporal to the foveal RPE) plotted as a function of age. 
Scatter diagram and regression line ( P<O.OOO 1 ). 
STATISTICS 
The data was analyzed by SPSS/PC+ program 
Multiple regression 
Multiple R .76234 
R Square .58117 
Adjusted R Square .57689 
Standard Error 10.23825 
Analysis of variance 
DF Sum of Squares 
Regression 1 14254. 10624 
Residual 98 10272.53936 
F=135.98414 Signif F= .0000 



















4.8. Relationship of age and lipofuscin content in the posterior pole 
ofRPE 
In table 4.2, the mean measurements of lipofuscin is listed in the post-pole 
column. Figure 4.9 showed the lipofuscin content at the posterior pole segment 
increased with age by regression analysis and F test of regression equation in 100 
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Fig.4.9. Lipofuscin content in the RPE posterior pole plotted as a function 
of age. Scatter diagram and regression line ( P<O.OOO 1 ) . 
STATISTICS 




Adjusted R Square 
Standard Error 











Signif F = .0000 






















4.9. Relationship of age and lipofuscin content in the temporal RPE 
In table 4.2, the mean measurements of lipofuscin content in temporal RPE 
is listed in the column of temporal. Figure 4.10 showed the lipofuscin content 
plotting against age and by regression analysis and F test of regression equation with 
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Fig.4.10. Lipofuscin content in the temporal RPE plotted as a function 
of age . Scatter diagram and regression line ( P<O .OOO 1 ). 
STATISTICS 




Adjusted R Square 
Standard Error 








DF Sum of Squares 
1 16103.50173 
98 9736.97937 
Signif F= .0000 






















4.10. Relationship of age and lipofuscin content in the nasal RPE 
The lipofuscin content of RPE at the nasal segment in 100 eyes increased 
with age ( Table 4.2, Fig. 4.11). 
Table 4.2 showed mean measurements of lipofuscin content in the nasal RPE 
of 100 eyes, listed in the column of nasal. Figure 4.11 showed graph mean nasal 
lipofuscin content plotted against age. By regression analysis and F test of 
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Fig.4.11. Lipofuscin content in the nasal RPE plotted as a function 
of age. Scatter diagram and regression line ( P<O.OOO 1 ). 
STATISTICS 




Adjusted R Square 
Standard Error 








DF Sum of Squares 
1 17432.53677 
98 7770.73233 
Signif F== .0000 





















4.11. Age related topographic changes 
Figure 4. 12 showed ratio of posterior pole to total RPE lipofuscin plotted 
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Fig .4 . 12 . Lipofuscin content ratio ( posterior pole/total RPE ) plotted 
as a function of age . Scatter diagram and regression line . 
STATISTICS 




Adjusted R Square 
Standard Error 








DF Sum of Squares Mean Square 
1 .00035 .00035 
98 .10356 .00106 
Sign if F= .5678 (P>0.5) 
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4.12. The relationship of age and lipofuscin content in the RPE of 
male 
Figure 4.13 showed the lipofuscin content in all segments of RPE in 61 nlale 
with increase age. Statistical regression analysis and F test of regression equation 
showed P value less than 0.0001 and are tabulated in table 4.3. 
Table 4.3. Regression analysis and F test showed the lipofuscin content of RPE 
in 61 male with age. 
Anatomical region Coefficient of correlation (r) Slope P Value 
Total RPE 0.79864 0.461858 0.0000 
Posterior pole 0.78040 0.492532 0.0000 
Macular-Fovea! 0.69384 0.455116 0.0000 
Temporal 0.71823 0.478664 0.0000 

















• • • •• • • 
• • • • • 
--
+' 
~ 40 Q) • • • +' 
~ 
0 30 () 
~ 
of'""4 
• • • • • • 
• • • • • • () 20 m • 
~ 
~ 




-10 0 10 20 30 40 50 60 70 80 90 100 110 
Age ( Years) 
Fig.4.13. Lipofuscin content in the total RPE plotted as a function of 
age in male. Scatter diagram arid regression line ( P<0.0001 ) : 
STATISTICS 




Adjusted R Square 
Standard Error 











Sum of Squares 
6274.56937 
3562.86961 
Signif F= .0000 
Variables in the Equation 
Variable B SE B 
Age .461858 .045310 













4.13. The relationship of age and lipofuscin content in the RPE of 
female 
Figure 4.14 showed lipofuscin content in all segments of RPE in 39 female 
with increase age. Statistical regression analysis and F test of regression equation 
showed P value less than 0.0001 and tabulated in table 4.4. 
Table 4.4. Regression analysis and F test showed the lipofuscin content of RPE 
in 39 female with age. 
Anatomical region Coefficient of correlation (r) Slope P Value 
Total RPE 0.86155 0.517042 0.0000 
Posterior pole 0.86178 0.560816 0.0000 
Macular-Foveal 0.83048 0.516447 0.0000 
Temporal 0.85777 0.552710 0.0000 
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Fig .4.14. Lipofuscin content in the total RPE plotted as a function of age 
in female . Scatter diagram and regression line ( P<O.OOO 1 ) . 
STATISTICS 




Adjusted R Square 
Standard Error 









Sum of Squares 
8109 .37961 
2815.85270 
Signif F= .0000 
Variables in the Equation 
Variable B SE B 
Age .517042 .050088 













4.14. Relationship of lipofuscin content in different sex 
Table 4.5 showed the mean values of lipofuscin content between two sexes in 
different anatomic regions of RPE. P value are greater than 0.1 in all five anatomic 
regions. 
Table 4.5. Mean lipofuscin content between the two sexes in different anatomical 
regions of RPE (T test analysis). 
Male Female 
Anatomical region Mean SD Mean SD P Value 
Total RPE 41.10 12.80 43.66 16.96 > 0.1 
Posterior 44.48 13.97 47.16 18.39 > 0.1 
Macular 45.61 14.53 47.92 17.57 > 0.1 
Temporal 45.89 14.76 48.65 18.21 > 0.1 




5.1 Evaluation of method 
In this investigation, a reliable and reproducible semiquantitative 
microfluorophotometric method in measuring lipofuscin content in the human PRE 
was established. In 1978 and 1986, Wing and Weiter reported that melanin pigment 
of RPE was bleached by using potassium permanganate and oxalic acid before 
autofluorescence measurement, but the bleaching time was not reported in both of 
these reports [13, 19]. In our study, the analysis of the optimal bleaching time for 
melanin pigment in the RPE was determined and found to be 20 minutes bleaching 
with 0.25 % potassium permanganate and 0.2 % oxalic acid gave the maximal 
auto fluorescent measurement in all age groups (table 3.1). Our data suggested there 
was no significant change in bleaching time in yielding a maximal auto fluorescent 
intensity in eyes from older individuals. This method of bleaching by oxidation 
using potassium permanganate and oxalic acid could serve as a reference for future 
studies. 
Our results recorded emissions of above 420 nm (420 to 700 nm) in order 
to be consistent with the previous, study by Wing G Let al [13]. The filter set used 
gave a wide range emissive spectrum of RPE lipofuscin which peaked from 520 to 
670 nm [44]. These emissions were all observed and recorded by our 
measurements. ' 
In this study, one hundred and eighty spots were measured for lipofuscin 
autofluorescent intensity on each eye. It was imperative that the increased number 
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of spots measured gave a more accurate topographic map for the distribution of 
lipofuscin in RPE. Compared with the previous study by Wing G L et al [13], 
which they measured only 150 spots, current study demonstrated a better 
topographic distribution of lipofuscin in RPE. 
5.2 ' RPE lipofuscin content in different age 
This study firmly established the positive correlation of aging and the 
increased in lipofuscin content in the RPE of non-diseased Chinese human cadaver 
eyes and the finding was somewhat similar to the previous study conducted in North 
American Caucasian population [13,77]. Lipofuscin content in the human RPE 
increased with age regardless of race. Although Wing G L et al reported that 
occasional golden yellow autofluorescent lipofuscin granules was recognized in the 
RPE cells at 17 months of age [13], our specimen showed only a l~ght green 
cytoplasmic autofluorescence in the RPE from ages 6 months to 5 years in 5 cases 
(Fig. 4.2: A, B, C). The typical cellular golden yellow lipofuscin granules in the 
RPE were never seen in these five cases of the very young age groups. -However 
at 9 years of age, typical cellular golden yellow autofluorescent lipofuscin granules 
started to appear in the posterior RPE, and the intracellular polarity between 
lipofuscin and melanin granules became less apparent (Fig. 4.2: D). Although the 
number of cases in the young age group were few (6 cases between ages of 6 
months to 9 years old), the result suggested that lipofuscin accumulation occurred 
at a later age in Chinese RPE when compared with whites. From the third decade 
on, lipofuscin granules began to appear as clumps (Fig. 4.2: E) and gradually 
occupied the cytoplasm of the RPE cell (Fig. 4.2: F). This observation corresponds 
to findings of Wing G L et al in 1978 [13]. 
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An overall five folds increased in auto fluorescence in the RPE over ten 
decades of life was observed in the Chinese eyes (Fig. 5.1). The amount of 
measurable auto fluorescence in the RPE was minimal in the infant and young adult 
groups (groups I and 11). However, autofluorescent intensity showed a gradual 
linear increased over aging from middle to old age groups (groups III to VI). 
The accumulation of lipofuscin in RPE showed no predilection for sex. Our 
data demonstrated similar pattern in which the same proportional amount of 
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Fig.5.1. Average measurements of lipofuscin content 
in RPE among different age groups. 
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5.3 Topographic distribution of lipofuscin 
The topographic distribution of lipofuscin in RPE showed significant regional 
difference. The pattern of lipofuscin in the RPE was consistent with distribution 
pattern of the rod cells. The foveola showed low lipofuscin content because this was 
a region of cone cells where the turn-over of cells was believed to be slower than 
the non-foveola predominantly rod cell area of the RPE. The rate of ROS turnover 
was very high, approximately 10 to 15 % of photoreceptor outer segment mass was 
phagocytosed and degraded by the RPE every day [3-51. On the contrary, cone cells 
renewed their discs at a much slower rate, with the best evidence suggesting that the 
whole system may take nine months to a year to renew [38]. The apparently poor 
renewal rate of cone membranes may relate to the finding that lipofuscin content was 
lower at the foveola. 
Relative lipofuscin content, as a function of autofluorescent intensity, was 
plotted to scale at each of the measured areas along the RPE. According to the 
observation of Wing G L et al in infants [13], they noted a minimal light green 
fluorescence in the RPE of infants, and appeared to be no distinct fluorescent pattern 
in the infants and children. On the topographic distribution of RPE lipofuscin in 
adult eyes, lower content of lipofuscin was observed from the equator to ora serrata 
segments , very low at the foveola and undetectable in the optic disk. These 
segmental changes were consistent with the distribution of rods in the human retina 
[13]. Progressive accumulation of lipofuscin in the RPE 'was directly related to the 
chronological ~ge with a gradual rise in the amount of detectable lipofuscin with 
each passing decade without sex predilection. 
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A major difference in lipofuscin accumulation in the macular region of the 
Chinese eyes was observed in our specimen when compared with the previous study 
in the RPE of Caucasians [13,19,78]. In the perifovea region of the adult 
Caucasian, a significant peak in the RPE lipofuscin content was consistently present 
(Fig. 2.5), while current study in the Chinese adult eyes failed to show significant 
peak in the same region (Fig. 4.6). For this major difference, it could be postulated 
that there were probably three factors related to such observation: 
(1) since the accumulation of lipofuscin in the RPE was related to the amount 
and the distribution of rod cells in RPE, therefore, the .perifovea distribution of rod 
cells was different between the Caucasian and the Chinese population. This 
phenomenon has never been showed or reported before; 
(2) due to different in the metabolic rate of rod outer segments, it has been 
reported that RPE lipofuscin content was highly dependent on vitamin A. In animal 
studies, it was shown that animals fed diets deficient in the forms of vitamin A that 
could be used for visual pigment synthesis have substantially reduced amount of RPE 
lipofuscin [6,7,54,55]. Vitamin A deficiency has been shown to protect against 
acute light damage to the retina [79]. The observation by Robison et al showed that 
rats on vitamin E-free but higher vitamin A diet exhibited marked disruption of 
photoreceptor outer segment membranes and a fivefold increase in the number of 
lipofuscin granules in the pigment epithelial cells which ingest these membranes 
[54] . In a later study, they indicated that the influence of vitamin A was observed 
when rats fed with adequate vitamin A and vitamin E, the retinas of these rats 
autofluoresced not only much more than those with adequate vitamin E and deficient 
A diet, which had similar numbers of granules, but also more than deficient vitamin 
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A and E retinas, which had about twice as many lipofuscin granules [55]. They also 
showed that the intensity of lipofuscin-specific autofluorescence was determined 
almost exclusively by vitamin A [55]. Retinal levels of the visual pigment rhodopsin 
and of the protein component of the pigment (opsin) declined in response to vitamin 
A deficiency [80]. These investigations suggested that vitamin A involved in the 
visual cycle and played a role in RPE lipofuscin autofluorescent fluorophore 
formation. Recently, an elegant study conducted by Katz et al (1992) demonstrated 
that retinoids were involved directly in RPE lipofuscin formation [81]. In their 
investigation, rats were fed with diets containing vitamin A either in the from of 
retinyl palmitate, which could be metabolically converted into the retinoids involved 
in vision, or retinoic acid, which did not support visual function [81]. Intraocular 
injections of the protease inhibitor leupeptin produced an increased lipofuscin-like 
autofluorescence in RPE of the retiny I palmitate fed animals, but not in the unfed 
animals, despite the fact that phagosome-like inclusions accumulated in the RPE in 
both dietary groups [81]. Difference in vitamin A intake level of basal diets between 
Caucasian and Chinese remained to be defined and it was generally accepted but not 
proven that the Chinese diet has more green vegetables than meat; and 
(3) due to difference in the degradation activity for outer segment membranous 
disc proteins in the RPE. Many factors were included, for example: 
(a) Melanin was suggested to play a protective role in the formation of 
lipofuscin [14,19,77,82]. Melanin could provide photoprotection not only by direct 
absorption of light but also by serving as a scavenger of light-induced free radicals 
[83] . Difference in ocular melanin concentration between Caucasian and Chinese 
remained to be defined. 
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(b) A substantial amount of experimental evidence indicated that antioxidant 
nutrient deficiency promotes RPE lipofuscin deposition [52-55]. Vitamin E was 
thought to play an important role in natural antioxidant protection. In 1974, Hayes 
reported that dietary vitamin E deficiency produced degeneration of the central retina 
in monkeys and provided evidence for the physiological importance of this vitamin 
for the retina [84]. The observation by Katz et al (1978) that the autofluorescence 
produced in the RPE of rats by vitamin E deficiency -was more concentrated than 
that produced in the testes, kidney, intestine and heart. These authors suggested that 
the RPE was particularly sensitive to physiological antioxidant deficiencies. In 1979 
Robison et al showed that normal levels of vitamin E probably protected 
photoreceptor membranes from oxidative damage and retarded the accumulation of 
their remnants in the pigment epithelium [54]. Later, they confmned that the 
accelerated accumulation of lipofuscin granules in rats RPE resulted from oxidation 
of membranes in the absence of vitamin E protection [55]. In 1982 Katz et al 
reported that the rats on diets deficient either in vitamin E, selenium, chromium and 
sulfur amino acids, or only in vitamin E and selenium, both deficient groups showed 
a dramatic accumulation of an auto fluorescent lipofuscin-like pigment in the RPE. 
This increase in autofluorescence was correlated with a large increase in the number 
of electron-dense inclusion bodies observed in the pigment epithelium by 
transmission electron microscopy. These changes in the RPE were accompanied by 
a pronounced loss of photoreceptor cells-, particularly from the central retina, and 
the disk membranes of the photoreceptor outer segment were often swollen, 
disoriented and vesiculated [53]. The effects of retinal light damage on RPE 
autofluorescent pigment accumulation resulted from both normal aging and vitamin 
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E deficiency were studied by Katz et al in 1989 [9]. Their results showed that 
among the animals maintained under dim cyclic light conditions, vitamin E 
deficiency resulted in a 7.4-fold increase in RPE fluorescence emission intensity [9]. 
In human, the major source of vitamin E was obtained from cereals and vegetable 
oil. Difference in vitamin E intake level of basal diets between Caucasian and 
Chinese has yet to be determined for further understanding of such problems. 
5.4 Lipofuscin and age-related macular degeneration in Chinese 
A review article by Young [67] on age-related macular degeneration (AMD) 
stated that the accumulation of lipofuscin in RPE was age related and was possibly 
a result of its high rate of molecular degradation such as the accumulation of sacs 
of molecular debris of lipofuscin. This accumulation of lipofuscin were reminiscent 
of the incomplete degradation of abnormal molecules which have been damaged with 
the RPE cells or phagocytozed rod and cone membranes. The progressive 
accumulation of these functionless residue was associated with extrusion of aberrant 
material in Bruch's membrane and aggregated in the form of drusen and basal 
laminar deposits [85-91]. The excretions contributed to the further deterioration of 
RPE with continued progressive accumulation of lipofuscin in this layer. This could 
lead to degenerative change and loss of vision from death of visual cells due to 
degeneration of the RPE cells. 
Some investigators indicated hereditary and environmental factors could play 
a role in AMD. For example, one hereditary factor that influenced macular 
degeneration ~as pigmentation [15,66]. It has been reported [14,68] that high 
incidence of macular degeneration was noted in white and individuals with blue 
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irides were particularly at risk in developing macular degenerative change. This 
prevalence was known to be low in non-white in Japan and south China [16,68]. 
Environmental factor such as light toxicity, if it exceeded the ability of molecular 
renewal to restore normal structure, may precipitate or exacerbate age related 
macular change [66]. Health factors such as cigarette smoking in man, elevated 
systemic blood pressure, cardiovascular disease and other miscellaneous factors have 
also been mentioned to be associated with accelerated ·degenerative change. Since 
the RPE was being called upon to remove material from other retinal pigments cells 
or photoreceptors that may be eliminated, it became an increasing a burden once 
degeneration of these tissue commenced. Being a nondividing tissue, autophagy 
alone could lead to the accumulation of lipofuscin in the same way as it built up in 
the neurons of the central nervous system, which had no photoreceptors to 
phagocytose. The incompletely digested residues were believed to be damaged cell 
membrane components that have been autophagocytosed or phagocytosed during life 
[76]. The accumulation of lipofuscin reduced the cytoplasmic space and affect its 
metabolism. Between the age of 40 to 80, the lipofuscin content of the retinal 
pigment epithelium increased from 8% of cell volume to 20% of cell volume [2]. 
When retinal pigment epithelium cells were challenged in culture with various 
particles, there seems to be no feedback control and ingestion continued until the cell 
literally burst [10]. The accumulation of any nonfunctioning molecule or particle 
such as lipofuscin within a cell was therefore a sign of increasing senescence. When 
accumulation reached a critical level, cell degeneration and cell death followed and 
this was being reflected as the content of lipofuscin in the RPE in the aging human 
eyes [91]. 
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The accumulation of lipofuscin in the macular region was significantly less 
in the Chinese than those showed by Wing et al et al [13] in the Western population. 
In our population, there was no significant rise in lipofuscin content in the peripheral 
macular region while there was a significant increase in lipofuscin in the peripheral 
macular region in the Western population even though both populations showed 
similarly very low content of measurable lipofuscin at the foveola. On the bases of 
this finding, we suggested that the difference of topographic distribution of lipofuscin 
in RPE could explain lower prevalence of age-related macular degeneration (AMD) 
in southern Chinese than Caucasian. 
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